The investigation conducted with fifty rice genotypes comprising both Basmati and aromatic short grain types revealed significant differences among the genotypes for the yield, its components and grain quality characteristics. High estimates of GCV were observed for productive tillers per plant, filled grains per panicle whereas, the estimates for panicle length, days to 50 percent flowering, kernel breadth and kernel elongation ratio were low. The yield components, viz., productive tillers per plant and filled grains per panicle which exhibited high heritability coupled with high genetic advance as percent of mean were under the influence of additive gene action. The remaining traits were mostly under the influence of non additive gene action as they recorded low to moderate estimates of genetic advance. The correlation analysis indicated that grain yield was significantly associated with harvest index, plant height, days to 50 percent flowering, panicle length, number of grains per panicle and filled grains per panicle. The characters, plant height, harvest index, number of grains per panicle at genotypic level exhibited moderate positive direct effects; whereas, days to 50 per cent flowering and 1000-grain weight had low positive direct effects. The study on correlations and path analysis indicated that emphasis should be given for selection of plants possessing higher number of grains per panicle with increased panicle length and optimum plant height so as to maintain higher harvest index to develop high yielding varieties for rainy (kharif) season.
INTRODUCTION
Rice is the major food crop in India occupying nearly 44 m hectares with a production of 96 million tonnes and productivity of 2181 kg/ha. In Andhra Pradesh, India it is grown in an area of 40 lakh hectares with production of 122 lakh tonnes and productivity of 3050 kg/ha. Indian Subcontinent is well known for native wealth of aromatic rices. Despite their poor yield, they are endowed with aroma, excellent cooking quality traits with immense consumer preference. India is the leading exporter of the Basmati Rice to the global market. The country has exported 31,78,174.42 MT of Basmati Rice to the world for the worth of Rs. 15, 449 .61 crores during the year 2011-12 with major export destinations like United Arab Emirates, Saudi Arabia, Iran, Kuwait and Iraq 2 . In addition to these aromatic long grain varieties, India abounds with scores of indigenous aromatic short grain cultivars and land races and every state has its own set of aromatic rice's that are very popular in native areas. Chittimutyalu, Godavari isukalu, Jeeraga samba and Rajanalu are the popular aromatic land races of Andhra Pradesh, India. As the yield potential of aromatic varieties and land races is very low (2.5-3.0 t/ha) compared to nonbasmati high yielding varieties, there is a need to raise the present productivity levels to 5.5-6.0 t/ ha, which is possible through development of high yielding semi-dwarf aromatic varieties with resistance to biotic and abiotic stresses. Plant breeders are constantly using various biometrical techniques to have a greater understanding of nature of gene action for various quantitative traits to plan an effective breeding programme for the improvement of grain yield. Before launching any breeding programme, a thorough knowledge of nature and magnitude of genetic variability, heritability, genetic advance, and also character association in a crop species is essential. Keeping in view the importance of the aforesaid aspects, the present investigation was carried out to estimate the genetic variability among genotypes for yield and quality traits and the extent of association between characters and the direct and indirect effects of the characters on yield were worked out.
MATERIAL AND METHODS
The present experiment was carried out during kharif, 2009 at Rice Section, Agricultural Research Institute, Rajendranagar, Hyderabad, India. The experimental material consisted of 50 aromatic rice genotypes. Source/ parentage of the genotypes are given in Table 1 . Each genotype was transplanted in four rows of 6 m length with a spacing of 20 cm between rows and 15 cm between plants in a randomized block design replicated thrice. Crop management practices and plant protection methods for raising a healthy nursery and main crop were followed as recommended by Acharya N.G. Ranga Agricultural University (ANGRAU) during the crop season. Ten competitive plants of each genotype in each replication were selected randomly from central two rows and the data on 15 characters viz; Days to 50 per cent flowering, Plant height (cm), Number of productive tillers per plant, Panicle length (cm), Number of grains per panicle, Number of filled grains per panicle, 1000-grain weight (g), Grain yield per plant (g), Harvest index (%), Kernel length (mm), Kernel breadth (mm), L/B ratio, Kernel length after cooking (mm), Kernel Elongation Ratio and Volume Expansion Ratio were collected. Analysis of variance was computed based on randomized block design as per standard statistical procedure 24 . The genotypic and phenotypic variances were calculated as per the formulae 3 . Genotypic and phenotypic coefficients of variation were calculated according to the formula given by Falconer 13 . Heritability in broad sense refers to the proportion of genotypic variance to the total observed variance in the total population which was calculated according to the formula given by Allard 1 . From the heritability estimates the genetic advance was estimated as per Burton 2 . Correlation coefficients were calculated at genotypic and phenotypic level using the formulae suggested by Falconer 12 . The direct and indirect effects both at genotypic and phenotypic level were estimated by taking seed yield as dependent variable, using path coefficient analysis suggested by Wright 38 and Dewey and Lu
11
.
RESULTS AND DISCUSSION
Variability in the population is a prerequisite especially for characters where improvement is required. Success of plant breeding programmes largely depends on the amount of genetic variability present in a given crop species for the character under improvement. The genotypic coefficient of variation measures the range of variability available in the crop and also enables a breeder to compare the amount of variability present among different characters. The phenotypic expression of the character is the result of interaction between genotype and environment. Hence, the total variance should be partitioned into heritable and nonheritable components to assess the true breeding nature of the particular trait under study. A perusal of genetic parameters (Table 2) revealed that phenotypic and genotypic coefficient of variations were high in case of number of filled grains per panicle followed by number of productive tillers per plant, number of grains per panicle, grain yield per plant, L/B ratio, kernel length after cooking and 1000-grain weight in decreasing order of their magnitude. High estimates of PCV and GCV for seed yield /plant and for number of productive tillers per plant 20, 23, 26 , L/B ratio 34 and for kernel length after cooking 30 . Moderate estimates of PCV and GCV were recorded for kernel length, plant height and kernel elongation ratio. These results are in conformity with the earlier findings 4, 21, 25, 37 . Low estimates of PCV and GCV were recorded for days to 50 per cent flowering, kernel length, panicle length, harvest index and this finding was in accordance with earlier reports 10, 16, 28, 29 . The difference between PCV and GCV was less for all traits under study. This suggested that the traits were less influenced by environment and hence, they could be improved by following phenotypic selection. Heritability estimates indicate the relative degree at which a character is transmitted from parents to off-spring. High heritability values indicated that the characters under study were less influenced by environment in their expression. The traits exhibiting high heritability could be improved by adopting simple selection methods. Further, the information on genetic variation, heritability and genetic advance helps to predict the genetic gain that could be obtained in later generations, if selection is made for improving the particular trait under study. High heritability coupled with high genetic advance as percent of mean ( Table 2 ) was observed for number of productive tillers per plant, number of filled grains per panicle, number of grains per panicle, kernel length after cooking, 1000-grain weight, L/B ratio, kernel length, plant height, kernel elongation ratio, volume expansion ratio, which indicated that these traits were controlled by additive type of gene action. It was evident from the results obtained from the present study, that these traits were controlled by additive type of gene action. Therefore, response to selection could be anticipated in improving the yield. The results were in conformity with the earlier findings for number of productive tillers per plant 7, 16 , for number of filled grains per panicle 15, 26 , for kernel length after cooking 9, 21 , for kernel elongation ratio 6, 9 . Further, High heritability coupled with moderate genetic advance as percentage of mean were observed for panicle length and harvest index suggesting the presence of both additive and non-additive gene actions, and simple selection offers best possibility of improvement of this trait. These results were in accordance with earlier findings 8, 26, 27 . The estimate of heritability was high with low genetic advance as percentage of mean for days to 50 percent flowering 16, 36 and kernel breadth 21, 35 which indicated that high heritability were due to non-additive gene effects and influence of environment. Hence, there was a limited scope for selection. A thorough understanding of the association of plant characters among themselves and with yield is essential for successful crop improvement programme. It enables the breeders to manipulate the expression of these traits in crop improvement. The efficiency of selection for yield mainly depends on the direction and magnitude of association between yield and its components and among themselves. Correlation analysis provides information on the nature and magnitude of the association of different component characters with grain yield, which is regarded as a complex trait which the breeder is ultimately interested in. It also helps us to understand the nature of inter-relationship among the component traits themselves. Therefore this kind of analysis could be helpful to the breeder to design selection strategies to improve the grain yield. Genotypic correlations in general are high as compared to their phenotypic correlations and indicated strong inherent association between the characters which might be due to masking or modifying effects of environment. The correlation analysis (Table 3) indicated that grain yield was significantly associated with harvest index, plant height, days to 50 percent flowering, panicle length, number of grains per panicle and filled grains per panicle. Similar kind of association was revealed for number of grains per panicle, days to 50 percent flowering, panicle length 32 , for plant height 18 by earlier reports. The grain yield per plant had non-significant positive association with number of productive tillers per plant 19 and significant negative association with 1000-grain weight 22 indicating lesser importance of these components in final yield. Grain yield can be increased whenever there is an increase in characters that showed positive and significant association with it and these characters only can be considered as criteria for selection for higher yield. Days to 50 per cent flowering had significant positive association with number of productive tillers per plant 31 at genotypic level. The association of number of productive tillers per plant with number of grains per panicle was significantly positive 14 at genotypic level whereas with harvest index it was significantly negative. 17, 22, 33 . Panicle length had highly significant positive association with the number of filled grains per panicle and number of grains per panicle. Similar results were also reported earlier 33, 39 . In this context, the correlation studies finally revealed that plant height, number of filled grains per panicle, days to 50 percent flowering, panicle length, number of grains per panicle and harvest index, showed positive and significant association with grain yield and among these components, grains per panicle played predominant role. Hence, selection of plants with more number of grains per panicle and increased panicle length duely balancing the plant height would be the correct approach for improving the grain yield. The association of different component characters among themselves and with yield is quite important for devising an efficient selection criterion for yield. The total correlation between yield and component characters may be some times misleading, as it might be an over-estimate or under-estimate because of its association with other characters. Hence, indirect selection by correlated response may not be some times fruitful. When many characters are affecting a given character, splitting the total correlation into direct and indirect effects of cause as devised by38 would give meaningful interpretation to the cause of association between the dependent variable like yield and independent variables like yield components. This kind of information will be helpful in formulating the selection criteria. Path coefficient analysis was used to compute direct and indirect effects of eight characters on grain yield in the present study and presented in Table 4 . The characters viz., plant height, harvest index, number of grains per panicle at genotypic level exhibited positive direct effects at moderate level on grain yield; whereas, days to 50 per cent flowering and 1000-grain weight had low positive direct effects. This indicated that among different components, plant height, grains per panicle and harvest index were major yield contributing characters in rice. These findings were in agreement with the earlier reports for plant height 17, 32 , for harvest index 4 , and for number of grains per panicle 17, 33 . Plant height showed positive indirect effect through plant height, harvest index, panicle length and number of grains per panicle at genotypic level, panicle length on grain yield. These results are in consonance with the previous findings 19, 33 . Harvest index exhibited positive indirect effects through plant height, number of grains per panicle at genotypic level, days to 50 per cent flowering on grain yield. The Panicle length exhibited positive indirect effect through plant height and harvest index, which is in conformity with the previous results 18, 33 .
CONCLUSION
A critical analysis of correlation and direct and indirect effects indicated that emphasis should be diverted towards selection of parents having higher number of filled grains per panicle coupled with high harvest index. As the yield component grains per panicle is intern dependent on panicle length and plant height, attention should be paid towards increasing the panicle length, maintaining height at optimum level. Thus a plant with medium height, sturdy culm with increased panicle length and higher number of filled grains per panicle would be more desirable for kharif in case of scented varieties to realize higher grain yields.
